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Analysis of Gene Expression and Source-sink Dynamics in 
Transportation Regulation of ABA Signal Accumulati on 


. pw 2 
WEI Kai-Fa , JIA Wen-Suo 
(1 Department of Biological Sciences and Biotechnology, Zhangzhou Normal University, Zhangzhou 363000, China; 
2 College of Agronomy and Biotechnology, China Agricultural University, Beijing 100094, China) 


Abstract: Subcellular localization of AENCED3 , AtAAO3 and AtSDR1 proteins, and dynamic changes of ABA levels in ro- 
ot and leaf were investigated in the present study . Results showed that the guard cells were not the main site of ABA bio- 
synthesis, and SDR might play an important role in ABA precursor processing and transportation . The transcription level of 
ABA synthase gene in roots was significantly higher than that in leaves under dehydration condition, while the ABA concen- 
tration in leaf tissues were 10 times higher than root . Detection of ABA concentration in both detached leaves and attached 
leaves suggested that ABA accumulation in leaves was mainly derived from root-sourced ABA, it was confirmed that ABA 
synthesis in roots was affected by the supply of precursor carotenoids with the fluridone treatment and shading experiments . 
These data revealed that ABA levels in leaves were regulated by root-sourced ABA transportation and leaf-sourced carote- 
noids supply . Our present results showed that vascular system might be involved in the coordination and integration of this 
complex regulatory mechanism for ABA signal accumulation . The conclusion provided relevant information for exploring mo- 
lecular mechanism of stress signal transduction, manipulating endogenous ABA levels, and enhancing plants resistance 
against environmental stresses . 


K ey words: ABA synthase gene; Gene expression; Source-sink dynamics; SE-CC; Transportation regulation 
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uuauuuluuutuluttuulultLlulutLtLuu 
ΠΠ O O O CMambelli and Setter, 1998; Jia [] , 
2002b; Ren[] , 2007a)[] ABA [] [] [1 E] E] E] E. 
UUUUU: ΠΗΠΠΙΗΗΠΗ Η (ZEP). 9-L η 
-00000000000 (NŒD), ΠΠ U 
ΦΠΠΠ (SDR), ABAQ OOO (Aso) O00 
ΠΠ O (Μορ) (Marin [] , 1996; Schwartz [] , 
20032 H 0 0 0 0 0 O0 ΑΠΩ Ἡ O Ἡ 
(CYP707As) ΠΠ O O O O CKrochko [] , 1998; 
Saito [] , 2004; Umezawa [] , 20069[] JU UU Π 
UUUUU ABADTIULULUUUULBLUUUU 
uuau.uuiuuuaBADL DD OUO D 0 U UU 
uuauuuluuutututtululultLululutLtLuu 
UUUU «Ren[]. 2007b)[] ABA D] D] U U U 
uuaguuliuulluluteuutll 
schke, 1981; Ian [] , 2000; Wang |] , 2002; Ren 
Π . 2007c), Bn cu B] H BH D]. UU E. D] D]. 7]. ΠΠ U 
ΕΕ ΠΠ ΗΕ ΒΠΠΠΗ ΤΗ ΕΕ OUUU 
ΕΕ ΗΕ ΕΗΒ, ἘΠΠΗ E E E E ETE ϱ 
uuuuuluuutluluttulultLlulutLtLudu 
ΠΠ, ΠΠ ΠΗΗΠΗΙΗΗΠΗΗΗΠΠΙΗ ΠΠ ΗΠ 
uuu AAT OUUUUUUUUUUUUUOD 
HADET TOET MO D: HAME EEA E A 
UUUUUUUU ABA MA D D D] HL U . UU 
SDRI | AOZSUOUUUUUUUU ABA I UL 
ΠΠΠΗ (Seo, 20000). ΠΠΠΠΠΠΠΗ 
Π ABAVOUUU. U UD D UO. ABA TI DU D] U U 
ΠΠΠΠ,ΠΠΠ NCED3[] AAO3 Π SDRI ΠΠ 
UUUUUUUUUUE. Π ΠΠ Ἡ ΑΒΑΠΗ 
uu ABAD OUUUUUU. OUUU ΑΒΑΠΗ 
UUUUUUUU. ΠΠ ΗΠ ABQ UU η 
UUUUUUUUU ΑΒΑΠΗΠΗΗΗ U U U 
ΠΕ ΕΕ IE] 


(Pierce and Ra- 


Ll pp pp 
1.4 OOD 
ΠΠΠΗΠΠΗΠΗΗΠΗΠΗΗΠΠΗΠΠΙΙ ΠΠ Η 
Π ΤΙ ΠΠΠΠΠΗΠΠΠΗ (d5 cmx 10 em] 4C[] 
Π34Π.ΠΠΠΠ 300umol m^?s'', ΠΠ 23*&90C, 
UUUU 80%, VUUU ΙΖΣΠΠΗΠΠΗΗΠΗΠΗΠ Η Η 
ΠΗ ΙἹασῃῇ, ΠΠΠΗΠΠΗΠΠΗΠΗΠΗΠΗ. ΠΠ Η Η 
ΠΠΗΠΠΠΗΗΠΗ,ΠΙΗΠΠΙΗΗΠΠΗ ΠΕΠ ΠΠ Η Η 


122-15 

2.1 Ο5ΝΠΠΠΠΠΠΠΠΠΗΉ [| NCEDA[] 
AAO3 [| SD1[] DB ceo HN HL BHO HH HI. . HO. D. ΠΠ 
ΠΠΠΠΗ (00 5-UmR) 00000000 (ΠΠ 


ΠΠ) ΠΠ pcCAmeié-139 [T 0 00. ΠΠ GUS D] ΠΠ 
ΠΠ O O UO : NCED3 promoter-NCED3:: GUS, AAO8 pro- 
moter-AAO8 :: GUS, SDR1 promoter-SDR\:: GUS, ΠΠ U η 
O: NCED3: 5-CIGCAGAGCAATOGIGATGGAGGGAAG -3 , 5-ΑΟΤ. 
AGT GGOGGGAGAGTTIGATGATIG -3; ΑΛΟ: 5- CGACIGCAGCAA- 
GAGAGTAICIAAGGATTICA -3, — $-CAGAGAICTCAAGACCTICAGAT- 
GIAGIAAIG -3; SDRI: 5-CIGCAGCAGAACAICATIGTICAAGCC -3 , 
S-ACIAGTTGGATIGCAAAMACATIGCT-3] PCR Π O0 D: 
NCED8: 94*C[] ΠΠ 5 min, %°CO O 30s, 67°CQ O0 30 
s, 72°C] O 2 min 50s, 0 0 00 24, 72°CO Π 7 min 
AAO8 : ΟΠ O Π 5 min, 94?C[] O 30s, 58*C[] O 50s, 
722°C] 0 3 min 20 s, 0 0 O O 24, 2°CO O 10 ming 
SDR1: 94] ΠΠ 4 min, Φ ΟΠΠ 30s, 57ΤΕΠΠ 50s, 
72°C] 0 2πίπ50ς,ΠΠΠΠ 24, 2°CO Π 7 min[] 

1.2.2 ΠΠΠΠΠΠΠΠΠΠ U Floral dip [] ΠΠ O 
ΠΠΠΠΠΠΗ CloughQ (198) 0000 

1.2.3 GUSO UL O0 ΜΚΈΠΗ 0 90%0 00000 
30min, 00000000., 0000 Π : 7600150 mmol 
L'' NaHPO, (pH7.0): 104150 mmo L'' Κι [Fe (CN); ]: 
101150 mmol L'' Κι [Fe (CNX,], O0 00 0 : 0.5 mg X- 
gluc: 760p1 50 mmol L'üdguu (pH7.0) : 10µΙ 50 
mml L`' Κι [Fe (ŒN) ]: 10 ul 50 mmol L'' Κι [Fe 
(CN),]: 1010.5 mol L'' EDTA: 11 Triton X-100: 200μ] 
ΠΠΠΡρΟοΠΠΠΠόθμι, 000 5000000., 0 
0000 59094, 000000000. 000000 
0.0000 σι. 000000000000 
000000 2min, 0 779%0 000000, 0000 
OO ο»5ΠΠΠΠΠΠΠΠ ΠΠ 

1.2.4 ΠΠΠΠ ΠΠΠΠΠΠΠΠΠΠΠΠΠΗ 
ΠΠΠΠΠΠΠΠ,ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠ 
000 70%, 0000 Ι00ΟΖΠΠΠΠΠΠΠΠΠΠΠ 
00000, 0000000000000000., 0 
ΠΠΠΠΠΠΠΠΠΠ ΑΒΑΠΠΠΠΠΠΠΠΠΠΗΙ: 
0000 SET: ED EP EHE ΠΗ ΠΠΠΠΠΗ ΠΠ ΠΠ 
00000 1040 000000000000000 
ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗ. ΠΠ 
00000, 000000000 ABATED D D U D 
1.3.5 0000000000000 000000 
0000 Suma L ΠΠΠΠ (fluridone) ΠΠΠΠΠΠ. 
ΠΠ 30min, O0 00ġ00000, 00000 1.2.4, [ 
ΠΠ ΑΒΑΠΠΠΠΠ 


1.2.6 ΠΠΗ DUO D D. RT-PCR 0 O RNA[] DD Η 
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QIAGEN [] [] RNeasy Plant Minikit, cDNA [] O O O Promega 
ΠΠ O M-MLV Reverse Transcriptase (M1701)[] [] ΠΠ Π D 

Π : OD lug RNA, [] 1ug Oligo (dT), 70?C[] O 5 min, 
ΠΠΠ 5ulM-MLV buffer, 1.25p1 dNTP Mix, 1 ul M 
MLV, 0.6όμ] RNase inhibitor, ΠΠ 25µιΠΠΠ O, 3730] 

Π Lh[T OE OL CO] CO] D] E] eDNAT] E] D DO. 40.0 2μιῃ 0 

0. 000 Acin 0 0 cDNAD D D D D ΠΠ PEROLI, 
ΠΠΠΗΠΗΗΠΗΗΗΗΗΗΗΗΠΗΠΗΠΠΠΠΗΠΙ Π Ἡ 

ΠΠΗΗΗΠΗΗΠΠΠΠΠΠΠΠΗ οΡΝΑΠΠΠ ΠΠ Ἡ 

00000. 000 24100., O ΔαΠΖΗΠΗ Η Π 350 

ΠΠΗΠ,ΠΗΠΗΗΗΠΠΠΠΠΗΠΗ Acie 0 DU Ἡ 

ΠΠΗΗΠΗΗ,ΙΠΠΠΗΠΗΗΠ xat., UUU 

035000. 0000000 EY BITTE ΠΠ ΠΗΠ 

00 PCR Q O0 O O UO: ZEP: S-ATTIGACGGTIGGT- 
GCGACA-3 , 5 -CTCTCAITCITCCTCGTCGATTT -3 ; NCED3: 
5 -CAACGGAGCIAACCCACTTICA-3 , 5 -ACCCTATCACGACG - 
ACTICATCT-3 ; SDR1: 5-AGGGATAGGIGAGAGCATTGTIC - 
3, 5 -CGCTACATCATCAACCGTCAGT -3 ; AAO3: 5-GCTIC- 
CIGGCAITTGGTICTIAT -37 , 5 - TCITICGCICAGCTICTICC- 
3; ABA3: 5 -ACCAGIGACCTIATAGCGGATGC -7 , 5-CGIT- 
GGGCCIGATTTAIGTGAA -3 ; Αα 5 -CTICCCICAGCA- 
CATICCAG-3 , 5 -CCCAGCTTTTTAAGCCTTTG-3 Π PCR ΠΠ 

O : 94°C 5 min, 94°C 45 s, 58°C 45s, 72°C 1 min, 35 [] 

ΠΠ, 72?C 7 min[] 

1.2.7 Real Time RT-PCR RNA [] [] 0 Π QIAGEN[] O 

RNeasy Plant Minikit, cDNA [] O O O Pramega [] ΠΠ M- 
MLV Reverse Transcriptase (M1701)[] Real Time PCR [] [] 

SYBR Premix Ex Taq[] ΠΠ (TaKaRa DRRO41S)[] PCR [J 

ΠΠ MR PIC200[] OO OU. ZEP: 5 -ATTTGACGGTTG- 
GIGCGACA-3 , 5-CICICATICTICCICGICGATIT -3 ; ΜΕΡΑ: 

5 -CAACGGAGCTAACCCACTTCA-3’ , 5 - ACCCTATCACGAC- 





GACTICATCT-3 ; AAO3: 5-GCIIGCIGGCAITIGGTICTIAT - 
3, 5 -TCTTICGCICAGCTICTICC-3 [] PCR ΠΠ: 95°C 10 
s, 95?C 5s, 58°C 20s, 40ΠΠ ΠΠ Real Time PCR [] ΠΠ 
OOo 27°00, O Atir 000000 «Pit, 
2001)0 

1.2.8 ABAD D D ü ΑΒΑΠΠΠΠΠΠΠΠΠΠΠ 
00000000000 QuarieQ (1988) 00000 
ΠΠΠΠΠΠΠΠ:ΠΠΠΠΠΠΠΠΠ,.ΠΠΠΠΗ 
D00000 50ms000 05m000., O 4CD DU 
24h, 13000 r min '[] 9 15ming O0 0 0 0 ABAD ΠΠ 50 
uLABAD OO. O 2504 0ġ00000 0 (pH6.0), 100µΙ 
ABAD Hd H Uu 00 100 u1 ?H-ABA, oOo OO YU 29000 
dpm, 0000 4°CO ΠΠ 45 min, Π ΠΠ Π °H-ABAQ 
δΟΦΠΠΠΠΠΠΠΠ. Π 10010000000 1.541 
OO0.00000.00000000000000 
OO ΑΒΑΠΠΠΠΠΠΠΗΠ ΑΒΑΠΠΠ 


2c oH E 
2.4 NCED3Q AAO30 ΡΕΙΠΠΠΠΠΠΠ 
HOU 


ΠΗ Ἢ ΕΕ ΕΕ ΓΕ gg us gu 
ΠΠ ΗΕ gd mg ug asddg ee 
AAOS[] SDRID(UUDO DU U U D D DU LU Ἡ 
UUUUUUUUUU «da ul. 209a), UU 
Eb Fo p Ep PECES 

NCED3 promoter-NCED3: : GUS |] (1 B 0 LH U 
uguuuu.uuuuli NCEDS [IL LI UL U U 
0 d 2: yUUUUUUUUU qd 2: m. D 
ΠΗΗΠΠΗΠΠΠΗΠΗ d 2: 9. ΠΗ NCED3I[] 


213 bp CDS fragment 





Spe I RB 


266 hp exon and intron 


EA AE CDS? 





Psi I 


Spe | HB 


O 1 NCEDS3 promoter-NCED3: : GUS{| AAO3 promoter-AAO3: : GUS Π SDRI promoter-SDR1: : GUSH H1] H1]. H] BH]. H HB] B]. ΠΠ 


Fig . 1 Construction of GUS fusion gene expression vector of NCED3 promoter-NCED3: : GUS, 


AAO3 promoter-AAO3: : GUS, and SDR1 promoter-SDR1: : GUS 
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h 





i 


2 NCED3[] AAO3[] SDRI [1 [] Hl EH] Hl E D 
ΠΠ ΠῸΠΠΠΠΠΠΞΡΟΕΠΗΠΠΠΠΠΠΠΠ8ΕΜΒΟΒΠΠΠΠΠΠΠΠΞΗΘΠΠΠΠ E] T] EE] e; 
ΝΟΕΡ3:: ΟΟΝΠΠΠΠΠΠΠ;1.ΑΑΟ3::ΟΟδΠΠΠΠΠΠΠ:5. NCED3::GuS 0 00 0; απ. NCED3:: GUS [] 
ΠΠπΠΠΗΠ ΠΠ ;i. ΕΙ: οὐ ΠΗΠΗΠΗΠΠΗΠ: 1 «ΑΑΟΣ:: ο ΠΠΠΗ DD ΠΠ 
Fig .2 Subcellular localization analysis of NCED3, AAO3 and SDRI proteins 

a . guard cells of non-transgenic leaf; b . NCED3: : GUS expressed in guard cells; ο. AAO3: : GUS expressed in guard cells; d . non- 
transgenic leaf tissue; e . NCED3: : GUS expressed in the chloroplasts; f . AAO3:: GUS expressed in the cytoplasm; g . NCED3: : 
GUS expressed in the root tip; h . NCED3: : GUS expressed in the vascular tissue; i . SDR1:: GUS expressed in the vascular tissue; 
j . AAO3: : GUS expressed in the vascular tissue 


ΠΗΗΠΙΗΗΠΜΗΗΗΙΗΗΠΗΗΗΗΠΗΗ ABA ΡΗΠΠΕΗΗ 2: f)OOUUU 4 2: e 
ΠΗ Π Η Η Η LU O NCEDS prmoter-NCED3: : ΠΠ Ην ΠΠ ΠΠ Η Kowa (2004) OOD Ἡ 
cusü üU G2: |) HUUL ΗΗΠΗΗΠΑΑΘΗΗΗΗΗΗΗΗΗΗΗ,ΠΗ 
ΠΗΗΠΗΠΗΗΠΗΠΗΠΗ.ΗΠΗΠΗΗΗΠΗΗΠΗΗ 00 00 ΑΡΑΠ ΠΠ ΠΠ Η Ἡ Ἡ (eor. 
ABA, 0 ΑΒΑΠΗΗΠΕΗΗΗΠΗΗΠΗΗΗ ΠΠ Η Ἡ 20000) A403:: GUS(] . HL DD O DOLO DO D 

AAO3 promoter-AAO3: : GUS ΠΠ HH D] οἱ 2: 0. ΠΠ ΤΠ ΠΠ U AAO03::GUS[] LH] H D LU 
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ΠΠΗΠΗΠΠΗΠΠΠΗΠ.ΠΠΗΠΠΗ 44030 0 Η 
OOOO DOO Christmann [] (2005) O0 DL U U U 
UUUUUUU yep g du D] U D] D. U U U 
U. OOD Weiler (19822) VUOUUU. UU 
UUUUUUUU AAV UUUUUUUUO 
Π ΑΡΑΙΗ. DO UU D] D] UO D D] ABA [T] UO 
ΗΕ EL THE EE ΕΕ ΕΕ ΕΕ ΕΕ ET ED DELE 
HL ΕΙ ABATE I DEB BOB EHE EE DEP: E] 
UUUUUUUUUUUUUL Mehon[] (2008) 
Π AtNCED3: : GFP[] AAO3:: GFP |] EL] TU Π LH] 
BE n P Bros ΕΠ ΕΤ ΕΠΕ ΕΕ ο ολ 
ΕΕ ΠΕ ΕΕ i> ΕΕ ΕΕ ΕΕ Ἡ 
ΑΡΑΠΠΗΠΗΠΗΠΗ ΙΙ Η Ἡ 

NCED3::GUS [] AA03: :GUS [] OUUU 
UUUUUU.,.OUYUUUUUUUUUUUOU 
[] NCED3[] AAO3[] [1 O ABATI ΕΠΗ LU Η U U 
ΗΠ, ΠΗΠΠΙΗΗΗΙΗ AAOS3I[I LI D LU EDI DI CEU. U 
UUUUUUUUUUU (Christmann [| , 2005) 
uuauuuluuutuluttluuelultLlultLtLudu 
ΠΗ NCED3 |] AA03[] ἘΝΑΠΗΠΗ. UU 
UUUUUUU ΑΒ ΑΠΗΠΗΠΗΗΗ Ι Π 
ΕΕ ΕΠΕ SC Bo ΕΕ ΕΕ ΕΕ ΕΠΙ 
[] NCED3[] ΑΑΟΞΗ [1 [] UUUUUU ABAL 
ΠΠ ΠΕΠ ΗΕ. OUUU ABAL D [] ABA 
η BE ΠΕ ΕΕ ΜΗ 

ΡκΙ  σοΏΠΠΠΠ 0H DO DH B CO 2: 
).Uumggdgguusulugu.lul SDRIT Ἡ 
ΠΠΠΗΠΗΙΗΗΙΗΙ SPRLUUUUUUUOU 
U,.UUUUUODUUUUU. UUUUUUOU 
HOU ABA[] (Cheng {] , 2002)[] [1 EI ΠΠ Η 
sDRBguuululututuliutututius. ΠΠ ΠΠ Η 
ΠΗΠΗΠΠΗ,.5ΡΚΝΙΗΠΗΗΠΠΗΠΠΠΠΗ ΑΒΑΠΗ 
ΗΠ. DTE 0 R0 ΙΕ ΠΕ SABES 2 ΒΒ 
ΠΗ, ΑΒΑΠΠΗΠΗ SDRITI EH D LL LI Ἡ U 
H ΠΠΠΠΠΠΠΗΠΗ͂ AAQUUUUUL. 
Π SDRIU UU ABA OUUUUU.,. UU ABA 
ΠΑΡΗ 
2.2 ΠΠΠΠΠΑΡΑΠΠΠΠ 

ΠΠΠΠΠ.ΠΠΠ NCED3[] AAO3 Π ABA3 
ΗΕ ΕΗ SDRE T] ΠΠ ΕΠΗ O EP TE] 
a BD EGET ΕΠ ΓΗ ἩΠΠΠΒΗ 
zEP[]l] n ug] HH UU DLL] D D]. Ἡ NCED3 [] 


A)o3DpBDnüugnggnugggnggnudgggunun 
ΠΠΠΠ «3:a.nagaggud. 0000 
ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗΠ 

ΠΠΠΠΠΠΠΠΗ ΝαΡΠΠΠΠΠΠ 
ΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗΠ 
0000000 ΧΟΌΕΡΒΠΠΠ, 0000 ABA 
000. 00 sap ooo 0000000 
ΑΒΑΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠΗΠ 
ΠΠΠΠΠΠΠΠΠΑΒΑΠΠΠΠΠΠΠΠΗΠ 
000 ÆA000000 ?0 0 00 0 `H-ABA 
0000. 00000000 AæĘA00000; 
NCED30 0000 ΑΒΑΠΠ (ABRE) 0000 
Π NCED3 00000 ΑΑΠΠΠΠ:ΠΠΠ 
ΝΕΡΠΠΠΠΠΠΠΠΠΠΠΠΠΠΠ. 
ΝΟΕΡΑΠΠΠΠΠΠΠΠΠΠ ΑΡΑΠΠΠΠΠ 
DO000000000 OOOO, 20090}ῃ 
ΠπππππΠπΠπ ααπππππππππη 
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